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ABSTRACT: Introduction: Nerve conduction velocity slows
and amplitude declines with aging. Methods: Median and ulnar
sensory nerves were tested at the annual meetings of the
American Dental Association. Seven hundred four subjects had
at least two observations. The rate of change in the nerve pa-
rameters was estimated while controlling for gender, age,
change in hand temperature, baseline body mass index (BMI),
and change in BMI. Results: Amplitudes of the median sensory
nerve action potentials decreased by 0.58 lV per year, whereas
conduction velocity decreased at a rate of 0.41 m/s per year.
Corresponding values for the ulnar nerve were 0.89 lV and
0.29 m/s per year. The rates of change in amplitudes did not
differ, but the median nerve demonstrated a more rapid loss of
conduction velocity. Conclusions: The rate of change for the
median conduction velocity was higher than previously
reported. The rate of change of median conduction velocity was
significantly greater than for the ulnar nerve.
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Nerve conduction study (NCS) parameters change
with age. In infancy, the myelin matures, and the
conduction velocity increases.1–3 By the age of 3
years, most nerves have reached their optimum con-
duction velocity.4 The conduction velocity stays sta-
ble until approximately 30 years of age and then
begins a slow decline.4 The rate of change has been
estimated to decline by 10% over the next three
decades.4 Several studies have demonstrated that,
with increasing age, there is a decreased sensory
conduction velocity in normal individuals1,3,5–11; a
similar relationship has been demonstrated between
aging and motor conduction velocity.1–3,6,7,9,12
However, all but one of these studies used cross-
sectional data from multiple subjects at differing
ages to infer how individual NCS parameters
change over time. A cross-sectional study design is
an efﬁcient method to suggest the rate of change
of nerve conduction parameters over time, but a
prospective study of subjects at two or more time-
points is a more accurate method to establish the
true relationship between NCS parameters and
aging.
The primary purpose of this study was to eval-
uate how sensory NCS parameters change over
time within a healthy prospective cohort. We
sought to determine whether the rate of change
was constant over time or if the rate was depend-
ent upon the subject’s age at the onset of the
study. Other factors, such as gender and body
mass index, were also evaluated to determine
whether they inﬂuenced the rate of change.
Finally, we attempted to determine whether the
rate of change in the median nerve was the same
as that of the ulnar nerve, because previous work
had shown that nerves at areas of focal entrap-
ment (the median nerve at the wrist, i.e., carpal
tunnel syndrome) were likely to show a more
rapid decline in function over time compared
with other nerves (ulnar at the wrist), where focal
entrapment was not common.
METHODS
Nerve conduction studies were initially collected
from a convenience sample of dentists and other
dental professionals who participated in the Ameri-
can Dental Association annual assembly health fair
where screening for carpal tunnel syndrome was
performed.13 The screening was performed from
1997 through 2007 and involved over 7000 sub-
jects. We excluded subjects with a history of diabe-
tes or rheumatoid arthritis. Among those tested,
704 met the inclusion criteria and had repeat test-
ing. If the subject had a history of carpal tunnel
syndrome, the data from the median nerve were
dropped for all observations, but the data from the
ulnar nerve were retained. The protocol included
electrodiagnostic testing of distal median and ul-
nar sensory nerve action potentials at the wrist of
the dominant hand (14 cm, antidromic stimulation
of digits 2 and 5). Some subjects were tested more
than twice, and all observations were included in
the analysis. Subjects completed a questionnaire
that addressed demographic data (height, weight,
age, gender) and medical history (diabetes melli-
tus, thyroid disease, rheumatoid arthritis, periph-
eral neuropathy). Body mass index (BMI) was
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calculated as weight divided by height squared
(kg/m2).
Palm temperatures were recorded, and the
hand was warmed if it was <32C. The peak and
onset latencies as well as the baseline-to-peak
amplitudes were recorded for both the median
and ulnar nerves in the dominant hand in accord-
ance with the guidelines outlined by the American
Association of Neuromuscular and Electrodiagnos-
tic Medicine.14
Statistical Analysis. To evaluate the change in
parameter values with time, a mixed model lin-
ear regression analysis was performed using SAS
version 9.2 (SAS Institute, Inc., Cary, North Car-
olina) with Proc Mixed. In all models, the
change in the NCS parameter value, as com-
pared with baseline, was the dependent variable.
Independent variables included the elapsed time
between baseline and follow-up observations, the
difference in hand temperatures at the two time-
points, gender, height, baseline age, baseline
BMI, and change in BMI. The NCS parameters
collected included sensory nerve action potential
amplitude, peak latency, and onset latency, and
sensory conduction velocity for the median and
ulnar nerves. Subject was set as the repeated vari-
able. As the database included measures from
each subject at two or more time-points, correla-
tions between repeated measurements were taken
into account using a compound symmetry covari-
ance structure.
To determine whether gender, age at baseline,
or BMI at baseline affected the rate of change, an
interaction term with elapsed time was added to
the base model for each of these subject character-
istics. For example, to determine whether the
change over time was related to gender, an interac-
tion term, elapsed time  gender, was added to
the base model.
To determine whether any change over time
was nonlinear, a quadratic term for elapsed time
(time  time) was entered into the model. In addi-
tion, the quadratic term for time was considered
when examining possible interactions with gender,
baseline age, and baseline BMI.
To compare changes in median vs. ulnar nerve
function, 95% conﬁdence intervals were generated
for the estimated rate of change per year.
RESULTS
A total of 704 subjects met the inclusion criteria,
and there were a total of 1834 observations, includ-
ing 1130 follow-up observations. The cohort was
80% male, and the mean age at the time of ﬁrst
observation was 49.4 6 9.5 years. The mean BMI at
baseline was 26.2 6 3.5 kg/m2, and 11% reported
a diagnosis of carpal tunnel syndrome. Table 1
describes the participants included in the study. A
mean of 2.6 observations per subject was noted
(range 2–8 observations). The mean time between
initial and follow-up observations was 4.0 years
(range 1–9 years).
Table 2 presents the baseline and last observed
nerve conduction values for the median and ulnar
nerves tested. For those with more than two obser-
vations, only the ﬁrst and last observations are pre-
sented. The average time between the ﬁrst and last
observations was 4.4 years. The onset and peak
latencies increased over time, whereas conduction
velocity and amplitude dropped. All changes were
statistically signiﬁcant.
Table 1. Description of study cohort.
Individuals
(n ¼ 704)
Follow-up
observations
(n ¼ 1130)
Gender
Male 564 (80%)
Female 140 (20%)
Age at baseline (years)
Under 35 31 (4%)
35 to 44 200 (28%)
45 to 54 273 (39%)
55 to 64 152 (22%)
65 or older 48 (7%)
Mean (SD) 49.4 (9.5)
Height (inches)
66 150 (21%)
>66, <72 365 (52%)
72 186 (27%)
Mean (SD) 69.1 (3.6)
BMI at baseline (kg/m2)
Under 25 275 (40.0%)
25 to 29.9 351 (49.0%)
30 or higher 78 (11.0%)
Mean BMI (SD) 26.2 (3.5)
CTS diagnosis at any time
Yes 78 (11%)
No 615 (89%)
Number of observations
2 460 (65%)
3 147 (21%)
4 45 (6%)
5 28 (4%)
6 17 (2%)
7 5 (0.7%)
8 2 (0.3%)
Mean (SD) 2.6 (1.1)
Number of years elapsed
1 164 (15%)
2 173 (15%)
3 191 (17%)
4 162 (14%)
5 153 (14%)
6 118 (10%)
7 69 (6%)
8 69 (6%)
9 31 (3%)
Mean (SD) 4.0 (2.2)
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Table 3 presents the repeated-measures regres-
sion models of change in median and ulnar nerve
conduction parameters, respectively. In models of
change in median nerve conduction, quadratic
time variables were not signiﬁcant. When changes
in ulnar nerve conduction were examined, quad-
ratic time variables were signiﬁcant for changes in
conduction velocity and latency times, but not for
change in amplitude. Using likelihood ratio tests
and the Akaike information criterion ﬁt statistic,
we found that inclusion of the non-linear term did
not improve the ﬁt of the models for change in
peak or onset latency and only very modestly
improved the ﬁt for change in conduction velocity
(data not shown). In addition, the contribution of
quadratic terms was quite small relative to the lin-
ear terms. For these reasons, and for ease of inter-
pretation, we present models that include only lin-
ear terms for years elapsed.
When controlling for change in hand tempera-
ture, initial age, initial BMI, change in BMI, gen-
der, and height, the adjusted change in nerve con-
duction velocity per year was 0.41 m/s per year
for the median sensory nerve and 0.29 m/s per
year for the ulnar sensory nerve. These rates of
change differed signiﬁcantly. The adjusted change
Table 2. Mean and standard deviations of initial and final values for sensory nerve conduction measures.*
Baseline value
[mean (SD)]
Final value
[mean (SD)] N
Paired t
P-value
Median peak latency (ms) 3.42 (0.42) 3.53 (0.43) 626 <0.001
Median onset latency (ms) 2.67 (0.35) 2.76 (0.39) 610 <0.001
Median conduction velocity (m/s) 53.2 (6.6) 51.6 (6.6) 610 <0.001
Median amplitude (lV) 26.7 (11.1) 24.2 (10.5) 626 <0.001
Ulnar peak latency (ms) 3.25 (0.33) 3.33 (0.30) 704 <0.001
Ulnar onset latency (ms) 2.55 (0.30) 2.58 (0.27) 687 0.002
Ulnar conduction velocity (m/s) 55.7 (6.3) 54.8 (5.7) 687 <0.001
Ulnar amplitude (lV) 23.6 (11.2) 21.6 (10.7) 704 <0.001
*Data not adjusted for hand temperature.
Table 3. Repeated-measures regression models examining change in median and ulnar nerve function.
Dependent variable Independent variable
Median nerve Ulnar nerve
Beta P Beta P
Change in peak latency (ms) Years elapsed 0.02 <0.001 0.01 0.001
Change hand temp. –0.06 <0.001 –0.07 <0.001
Baseline age –0.00 0.758 0.00 0.848
Female –0.09 0.033 –0.04 0.406
Height (inches) –0.01 0.019 –0.00 0.636
Baseline BMI –0.00 0.615 0.00 0.911
Change in BMI 0.01 0.191 –0.01 0.320
Change in onset latency (ms) Years elapsed 0.02 <0.001 0.01 0.001
Change hand temp. –0.05 <0.001 –0.05 <0.001
Baseline age 0.00 0.926 0.00 0.862
Female –0.07 0.139 –0.05 0.199
Height (inches) –0.01 0.248 –0.00 0.381
Baseline BMI –0.00 0.748 –0.00 0.675
Change in BMI 0.00 0.772 –0.02 0.056
Change in conduction velocity (m/s) Years elapsed –0.41 <0.001 –0.29 0.001
Change hand temp. 0.97 <0.001 1.10 <0.001
Baseline age –0.00 0.911 –0.01 0.826
Female 1.39 0.107 1.33 0.135
Height (inches) 0.09 0.300 0.08 0.380
Baseline BMI 0.05 0.484 0.04 0.568
Change in BMI –0.15 0.387 0.35 0.058
Change in amplitude (lV) Years elapsed –0.58 <0.001 –0.89 <0.001
Change hand temp. –0.85 0.001 –0.81 0.001
Baseline age 0.01 0.794 –0.03 0.485
Female 2.54 0.149 –0.78 0.528
Female  years –0.63 0.037 –0.10 0.451
Female  years squared — — 0.14 0.169
Height (inches) 0.05 0.732 –0.10 0.685
Baseline BMI –0.05 0.623 0.01 0.001
Change in BMI –0.33 0.178 –0.07 <0.001
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in amplitude was a decrease of 0.70 lV per year
for the median nerve when the whole sample was
used, but this rate of change varied signiﬁcantly by
gender (P ¼ 0.03). When separate models for men
and women were performed, median sensory am-
plitude declined by 0.54 lV per year among men,
and 1.35 lV among women (see Table 4). How-
ever, the decrement of rate of 0.89 lV per year in
ulnar sensory amplitude did not depend on gen-
der. When the rates of decline in median and ul-
nar amplitude were compared, whether using the
whole sample or stratifying by gender, no signiﬁ-
cant difference was found.
As expected, change in hand temperature was
a signiﬁcant factor in all models. Initial age, base-
line BMI, and the change in BMI were never signif-
icant for any nerve measure. Height was unrelated
to change in nerve function with the exception of
median peak latency, where taller participants
exhibited slightly less slowing.
The rate of change in nerve function per year
did not depend on baseline age, baseline BMI, or
height for any of the nerve function measures.
Only the change in median amplitude differed sig-
niﬁcantly by gender.
Because there was a possibility that subjects
with carpal tunnel syndrome (CTS) could have
inﬂuenced the ulnar nerve measures as well, we
ran the analysis dropping both the median and ul-
nar nerve conduction studies for subjects with
CTS. There was no inﬂuence on the results when
the ulnar nerve data were also dropped for these
subjects (data not shown).
DISCUSSION
The use of a longitudinal study allows us to exam-
ine changes in nerve conduction parameters
related to aging, avoiding the confounding of age
and cohort that may occur with cross-sectional
studies. We used data gathered from each subject
at multiple time-points to estimate the change in
NCS parameters over time.
This study conﬁrms that sensory NCS parame-
ters do change with time. The primary relationship
between changes in NCS and time was linear. How-
ever, we found that both time and time squared
were signiﬁcantly related to changes in the speed,
although not the amplitude, of ulnar nerve conduc-
tion. Thus, there appears to be a non-linear relation-
ship, as suggested by Taylor.15 Speciﬁcally, the quad-
ratic terms suggest that the slowing of ulnar nerve
conduction is not steady, but accelerates with time.
However, because the change in nerve conduction is
primarily linear, and allowing for non-linearity adds
little or nothing to the ﬁt of the model yet compli-
cates interpretation, we found it appropriate to focus
on models that contained only linear change over
time. This is similar to the ﬁnding reported by Tong
et al.,11 which was also a longitudinal study.
The conduction velocity of the ulnar sensory
nerve was decreased by 0.29 m/s per year, whereas
the median nerve showed a decrease of 0.41 m/s
per year. These are signiﬁcantly higher than the
change in conduction velocity noted in three previ-
ous cross-sectional studies of the relationship
between age and the median and ulnar sensory
conduction velocity.1,6,9 Dorfman et al.,1 in a small
study of 30 normal subjects (15 young and 15
older adults), demonstrated a decrease of 0.16 m/
s per year for the median nerve. Stetson et al.9
observed a decrease of 0.13 m/s per year for me-
dian and 0.099 m/s per year for ulnar nerve in
their study of 105 assembly workers. The largest
cross-sectional study by Letz and Gerr6 of >4000
veterans demonstrated a decrease of 0.13 m/s per
year for median and 0.16 m/s per year for ulnar
nerve. Tong et al.11 noted a decrease in conduc-
tion velocity of 0.21 m/s per year for the median
sensory nerve and 0.14 m/s for the ulnar sensory
nerve in their longitudinal study of >400 workers.
We had hypothesized that older subjects would
have a more rapid rate of decline in conduction
velocity, but this was not supported by the data.
We thought that decreased physiological function-
ing associated with increasing age would inﬂuence
the rate of change in nerve conduction.16,17
Our study demonstrated that the median sen-
sory nerve conduction velocity decreased at a
greater rate than the ulnar sensory conduction ve-
locity. The rate of change in median and ulnar am-
plitude, however, did not differ signiﬁcantly. The
differential rate of change in the median sensory
Table 4. Repeated-measures regression models for median sensory amplitude, stratified by gender.
Dependent variable Independent variable
Men (n ¼ 763) Women (n ¼ 187)
Beta P Beta P
Change in median amplitude Years elapsed –0.54 <0.001 –1.35 <0.001
Change hand temp. –0.61 0.016 –1.71 0.016
Baseline age 0.02 0.569 –0.03 0.795
Height (inches) 0.15 0.269 –0.35 0.358
Baseline BMI –0.04 0.715 –0.08 0.796
Change in BMI –0.55 0.039 0.38 0.538
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nerve conduction velocity across the wrist, which is
the most common site of nerve entrapment, was
consistent with several other studies but does not
identify a causative factor. The more rapid rate of
decline in the median nerve may be related to
higher intracarpal canal pressures with contact
stress and awkward wrist postures, which place this
nerve at risk for a focal entrapment.18,19
This study has several strengths including its
prospective study design and sample size of >700
subjects. The use of a repeated-measures analysis
allowed use of multiple data points on individual
subjects while controlling for gender, baseline age,
height, baseline BMI, change in BMI, and change
in hand temperature.
There are several limitations of the study that
should be considered. We only evaluated sensory
nerves in the dominant hand. The results may not
be as applicable to other nerves in the legs, non-
dominant hand, or motor nerves. The selection
process was not random, and this self-selected sam-
ple may have introduced hidden biases. A longer
mean follow-up period would likely provide a more
accurate estimation of nerve conduction parameter
changes. Our cohort of dentists and dental hygien-
ists perform hand-intensive activities and, as such,
may not be representative of the general popula-
tion. Although we did not analyze the physical
stresses at work (e.g., repetitive or forceful hand
exertions) previous studies have shown that den-
tists and dental hygienists perform repetitive, high-
force work, often in awkward postures.13,20 Work
exposures may have contributed to the more rapid
rate of decline noted in this population compared
with previous studies, although we did not measure
these physical stressors. Further study in other pop-
ulations will be necessary to conﬁrm our ﬁndings.
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